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Compound optimization

Optimizing small molecule drugs – a multiparameter problem

Potency

IP – Freedom to operate Selectivity towards off-targets

Safety

Physico-chemical properties

Robust synthesis Solubility & permeability

Design, development and synthesis of drugs learned by medicinal and computational 
chemists and honed after years of training and practice. 

Stability in vitro/vivo

Campbell et al. Drug Discov. Today 2018, 23 (2), 219–234Daniel Kuhn | NIH Virtual Workshop on Ultra-Large Chemistry Databases3



Compound design and SAR analysis moving from art towards process

Designing better drugs faster: the patient is waiting

From art to process

Mission: Drive compound design by predictive modelling 

Mozart
Ford

Ono

Morrison
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Select most promising compounds out of huge chemical space, e.g.

Which compounds to make next?

Challenge: Chemical space is huge – which starting point to pick?

Predicted with good 
activity, permeability, 

stability

Inhibitors from Chembl database for protein 
target ATR (CHEMBL5024) Foote et al., J. Med. Chem. 2013, 56, 2125–2138
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Elab as Merck-internal Knowledge Sharing Platform 

ELAB Client

Reagent Stores

Analytic Systems
 MassivR (site Da)
 ADMS (sites Da/Bi)

Compound Registration 
(Biopharma)

Patent Module

> 20 years of Chemistry Electronic LAB Notebook

 > 1000 Users distributed over 7 sites

 > 1.000.000 experiments

 > 650.000 unique reactions

IP Record Store 
(Biopharma)

 Documentation of chemical experiments

 Integrated workflows

 High quality data (contains also 
experiments that did not work)

 Creation and synthesis of libraries

 Knowledge sharing across business sectors

Xlab-DB

Xlab Client

Exchange with CROs

Coala DB

Order 
Information

ChemStore

• Retrosynthesis

• Synthesis Design

• Virtual Library (MASSIV)

• Reaction Classification

Order

Result
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Additions

25%

Couplings

2%

Cycloaddition

5%

Eliminations

4%

Heterocyclic 

Syntheses

11%Miscellaneous

2%
Nucleophilic Additions

2%

Oxidations

4%

Rearrangements

15%

Reductions

3%

Substitutions

19%

1,2-Additions

8%

reactome analysis

single-reaction analysis (261039242542204)

MedChem DA

other

REACTION STATISTICS

Analysis of ELAB (MERCK‘s ELN )
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MASSIV overview of reaction space and building blocks

213118

MASSIV

1. merging of reaction spaces

MASSIV

2. merging of building block libraries

named
reactions

name
reactions

1 2
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ELAB

REAXYS

70008 571423

2
1
4
5
9

23%

Merck AcceSSible InVentory

BUILDING BLOCKS

CHEMICAL REACTIONS

LOOK-UP

Tailored libraries

MASSIV space

look-up space
(1020 per reference)

…

1020

in silico synthesis novel chemical matter

106

104

1020
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miniMASSIV

MASSIV and miniMASSIV

Building

Block

Library

MANY

reactions

ONE

reaction

ONE 
compound
modified
at ONE 

site
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Postfiltering important in hit selection

MASSIV space FPsFTrees

Docking Shape

ClusteringADME
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project # Compounds analyzed Synergies Outcome

Receptor ~50,000 FEP, deep learning

Enzyme 500,000 VS, deep learning, FEP

Protein kinase 100,000 VS Few actives found

Protein kinase ~1000 FEP, deep learning Actives found

Enzyme 100,000 MedChem,VS Actives found

Enzyme 32,000 VS, MedChem

Protein kinase 100,000 VS, MedChem Actives found

Enzyme 100,000 VS, MedChem

Lipid kinase 100,000 VS frontloading

Enzyme 100,000 VS frontloading

Enzyme ~5000 VS, MedChem, FEP 50 actives found

Enzyme ~5000 VS, MedChem

Enzyme 100000 VS, FEP 170 actives found

Enzyme ~50000 VS,MedChem 200 in synthesis

PoC - Synthesis impact achieved Actives found

Examples of MASSIV searches in ongoing Merck Projects

ongoing
12



Seit ich des Suchens müde ward,

Erlernte ich das Finden.

Seit mir ein Wind hielt Widerpart,

Segl’ ich mit allen Winden.

Since I grew tired of the chase

And search, I learned to find;

And since the wind blows in my face,

I sail with every wind.”

Friedrich Nietzsche - The Joyous Science 

Screen smarter not harder

vs
https://dribbble.com/naeememoradi
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Ultra-large chemical spaces can provide interesting chemistry

Ingredients for quick take-up of virtual hits:

• Dedicated parallel chemistry resources to quickly follow-up on ideas - fast

• Out-sourcing to CROs – can be slow and expensive

• Search in dedicated make-on-demand chemical spaces from CROs (e.g. Enamine RealSpace) - fast

Screen smarter not harder – lessons learnt

Chemical space

Synthesis

Costs
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Combination is key for impact in compound optimization

15

MASSIV: Enumeration of synthetically 

accessible chemical space

MOCCA

FEP calculations

MOCCA: 

Application of predictive models

FEP: Binding constant

prediction

12

3

Virtual Screening as 1st filter

MASSIV
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FEP+ in drug discovery at Merck

Broad application across multiple targets and series

JCIM ASAP, 2020, https://doi.org/10.1021/acs.jcim.0c00900
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Discovery of new chemical starting points with FEP+ML

From fragment to hit: Proof-of-principle for in silico optimization

SPR KDss = 300 µM

LE = 0.25

Top 1 in FEP

IC50 = 1.2 µM

ITC KD = 1 µM

LE = 0.41

IC50 = 24 µM

IC50 = 47 µM

Enamine RealSpace

903 ideas

3D ROCS overlay

750 ideas

Docking + MMGBSA

400 ideas

FEP

8 ideas

Synthesis at Enamine

- 4 weeks

- < 100 EUR per compound

ML model: CLint

250 ideas

5 out of 8 molecules
have IC50 < 100 µM

Christina Schindler
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THANK YOU!


